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Introduction

The technique
of scanning
electron
microsco py of vascular
corrosion
casts
is a
simple method to study the angioarchitecture
of
tissues
and organs
(Lametschwandtner
et al.,
1984 ). Although
the procedure
of preparing
a
vascular
corrosion
cast is well described,
there
is only sparse detailed
information
avai lable as
far
as technical
parameters
of plastics
are
concerned
commonly us ed for
casting
studies
(Weiger et al.,
1982). A thorough
survey of the
literature
dealing
with
th e technique
of
vascular
corrosion
casting
uncovers
th e
confusion
existing
about technical
properties
of
the diffe r ent
plastic
s used.
Thus it is not
surprising
that
data
recommended
for
final
polymerization
by temperin g for Mercox Cl- 2B
casts
befo r e corrosion
range between
15min at
40-50 °c (Ilodde et al.,
1977) and 12h at 60°C
(Tano
et a l.,
1981).
To further
important
parameters
of the plastics
used, like sh rinkage,
r eplication
quality
and viscosity
author(s)
refer
only little
and data presented
are often
incomparable
because
of
the
different
experime ntal
setups
used by different
authors
( Lametschwand tner et al. , 1984).
lfo deserve
a
more precise
knowledge
of technical
properties
of casting
resins
to be able to obtain
more
accurate
quantitative
as well as qualitative
data from a cast.
The present
paper therefore
intends
to give
some standa rdized
information
about
thermal
characteristics,
shrinkage,
replication
quality
and viscosity
of tho se methylmethacry
l ate
plastics
widely used in casting
studies.
Another
aim of this
study
is to focus
the readers
interest
upon the potentials
the standardized
application
of vascular
corrosion
casts
offers
in estimating
maximal blood volumes of whole
tis s ues and organs
in a most simple
way, by
purely weighing the cast.

The mos t frequently
used
resins
for
vascular
corrosion
casting
Mercox Cl - 2B , Mercox
Cl - 2B diluted
with
methylmethacry
l ate
(MMA)
monomer
and various
self
prepared
MMA and
hydroxyproyl - methac rylate
mixt ur es were tested
with regard
to their
thermostability,
shrinkage,
viscosity
and replication
quality.
It was found
that
t emper in g of the plastics
improves
their
thermostability
with the exception
of Mercox
Cl - 2D and that
shrinkage
depends on the amount
of monomer s a resin contains.
In detail;
Mercox
Cl - 28 has the lowest shrinkage
(8.018 %) whereas
a hydroxypropy l- methacryl ate mixt ur e possessed
the highest
(20.408 %). But , on the other hand,
viscosity
decreases
with
the
quantity
of
monomers.
All
r esins
tested
were able
to
replicate
structures
of 260nm hei g ht but the
re si ns ' quality
of replication
was found to be
limited
by the effects
of shrinkage.
Finally , a
method to estimate
the blood volume of organs
and tissues
with the help of vascular
corrosion
casts is given,
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Preparation
of the resin s
Mercox
Cl - 213. 0.2 - 0.3g MA catalyst
were
dissolved
in 10ml Mercox
Cl- 2B (Dainippon
Ink&Chemicals , Tokyo) and stirred
ge ntly.
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Mercox
Cl-2
B diluted
with
methylmethacrylate
monomer
UIMA) (4+1).
(modified
mixture
of Hodde; 1981).
0.125 g MA
catalyst
were dissolved
in 2ml MMA (Fluka,
Buchs).
This mixture
was added to 8ml Mercox
Cl-2B and mixed.
Murakami et al. 1 s (1984) plastic.
5.5ml MMA
monomer and 4.5ml hydroxypropyl
MA monomer(in
case of testin g the vicat softenin g temperature
6ml MM
A monomer and 4ml hydroxypropyl
~ll•IA) were
mixed with O.15 g dibenzoylperoxide
and O.15 ml
N, N-dimethylanilin.
A prepolymerized
11~1A (Murakami
1971 1
Lametschwandtner
et al.
1976 1 Albrecht
1980).
10ml ~IA monomer supplemented
with 0.05-0.2lg
dibenzoylperoxide
were heated
up to 84-90 °c,
kept at this
temperature
for 5min and then
rapidly
cooled
down to 20 °c. Later
on 1ml
dibutylphthalate
and
0.1 8 -0.20ml
N,N-dimethylanilin
were added.
Parameters
measured
Vicat softening
temperature.
Measurements
were done accordin g to the standard
DIN 53460
procedu re B SO. Briefly:
a vicat-pin
burdened
with 59.05 N was put vertically
on semicircled
specimens (radius
12mm; height 4-12mm) made from
plastics
as described
above . The t emperature
in
the test
incubator
was increased
with a rate of
50 °c per hour.
Vicat softening
temperature
is defined
as
the temperature
which is present
when the Vicat
pin is intruded
exactly
1mm into
the resin
sample.
For measurin g the Vicat
softening
temperature
the resins
were treated
in two
different
ways. One series
of specimens
was
polymerized
at room temperature
while the second
series
was tempered
at 60 °c in a temperin g
furnace
for at least
12h. For co mparison
a
sample
of
commercially
available
Polymethylmethacrylate
PMNA233 (Rohm;Darmstadt)
was tested.
Shrinkage.
For
estimating
shrinkage
adeq uate to the procedure
of vascular
corrosion
casting,
each resin
was used for casting
the
whole circulatory
system of two rats (267-365g).
The rats
were prepared
as done routinely
for
vascular
corrosion
casting
(Lametschwandtner
et
al.
1984).
After
setting
of the
injected
plastic,
whole animals
were placed in a 60 °c
hot waterbath
and thus were tempered
for at
least
12h. Then tissues
were macerated
in a warm
(40 °c) 15% solution
of potassium
hydroxide
(KOH) with alternative
rinses
in hot tap water.
Great vessels
like the Arteria
iliaca
externa,
A. lumbalis,
A. abdominalis,
A. carotis
communis,
A. caudalis,
A. vertebralis,
A. uterina,
A. mammaria,
A. brachialis,
the
aortic
arch;
Vena jugularis,
V. hepatica,
V. mammaria and V. iliaca
were dissected
out,
air dried at 60 °c for at least
another
12h to
remove residual
water.
Shrinkage
was determined
by the following
formula (Harper,
1963):
Ds - Dl
Shrinkage

(Vol io)

--------------

X

lQQ

(1)

Dl
Ds

density

of the polymerized

solid

plastic
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Dl = density
of th e liquid
plastic
(monomer or
prepolymerized)
Density
of the liquid
resins
was recorded
at
20 °c with a pyknometer
having a volume of
10.519ml.
The pyknometer
was filled
with the
liquid
plastic
weighed
before
and density
could be calculated
by the formula:
D

=

W/V

(2)

(D = density,
W = wei ght of 10.519ml
li q uid
plastic,
V = volume
10.519ml ) • Density
of
the liquid
resins
was calculated
±.0 . 002g/cm3
exactly.
For estimating
density
of the solid
polymerized
plastic
i.e.,
the vessels
obt ai ned
from vascular
corrosion
casting
procedure,
samples
were dipped
into
20 °c warm NaOH
solutions
of various
densities
(l.152g/cm3;
l.16lg/cm3;
l.168g/cm3;
l.183g/cm3;
l.197g/cm3;
±_0.002g/cm3).
If a specimen sunk in one fluid
and floated
in the next higher dense fluid its
density
was interpolated
to a value between the
two distinct
fluids'
densities.
Therefore
additional
values of l.156S g/cm3; l.1645g/cm3;
1.1755g/cm3;
and l.190g/cm3 were available.
The
error
of this design is ±.0 . 0075 g/cm 3 at its
maximum resulting
subsequently
in a maximal
error
of + O. 767 % in the final
calculation
of
the shrink-:ige.
Apparent viscosity.
Apparent viscosity
of
the
liquid
or prepolymerized
resins
was
measured with a KPG Ostwald microviscosimeter
(Schott Gerate/Hofheim
a.Ts.FRG ). All plastics
were tested
without
initiator
or plasticiser.
The viscosimeter
was placed in a waterbath
kept
at a constant
temperature
of 20 °c + O. 2 °c.
For computing
the
viscosity
the- method
described
by Gannon (197 8 ) was used.
Replication
quality.
For testin g the
replication
quality
a microchip
(Balzers
AG;
Liechtenstein)
was used as a model (Fig .1).
The height
of the bars of the microchip
was
260nm (personal
communication
with Dr. Dilleti
from Balzers
AG; Liechtenstein).
The resins
were filled
in glass
tubes
(radius
2.5mm;
height
4cm) which were g lued with
Uhu Hart
(Pharmakon;
Wien) on the microchips.
Resins
were allowed to polymerize
at room temperature.
To remove the plastic
replicas
from the model
the whole construction
was dipped into liquid
nitrogen.
The replicas
obtained
were mounted on
stubs,
sputtered
with gold and examined in a
Cambridge
Stereoscan
250 at an acceleration
volta ge of SkV.
Results
Vicat softening
temperature
Vicat
softenin
g temperature
and
thus
thermostability
in general
is higher
after
tempering
(with exception
of Mercox Cl-213, see
table
1).
Further
a greater
amount
of
plasticiser
causes a decrease
in thermostability,
(compare
Murakami et
al . 1 s
(1984) plastic
(1984) with self
prepared
HMA by Murakami,
1971;
Lametschwandtner
et al.,
1976 and
Albrecht
(19 80)); table 1.
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Table 2
Density of liqiud (Dl) and solid
and resulting
shrinkage (S)

(Ds) plastics

plastic

Dl g/cm3

Ds g/cm3

S Vol%

Mercox Cl-2B

1.085

1. 171

Mercox Cl- 2B

1.056

1.186

12.3ll

0.985

1.160

17.766

0.980

1.180

20,408

8.018

+ MMA(4+1

v/v)
MMA(Murakami,
Fig.l

Original
Microchip
Bar=lOO;um

from Balzers

1971;
Lametschwandtner

AG.

et al.,
Albrecht

1976;
1980)

Table 1
Vicat softening
plastics
after
final tempering.

temperature
solidification

Murakami et al.,
(1984)

of currently
used
without or with

c

nt

Mercox Cl-2B

38.2

38.8

(4+l;v/v)

47.2

58.4

MMA(Murakami, 1971;

42.8

73.8

0

t

0

Apparent viscosity
From our measurements it is conspicuous that
the apparent viscosity
closely correlates
with
the grade of prepolymerization
(see table 3).
Mercox Cl-2B, a highly pre polymerized plastic
has a much higher apparent viscosity
than the
monomeric plastic
used by Murakami et al.
( 1984). The high viscosity
of Mercox Cl-2B
however can be lowered by adding monomeric MMA
(see table 3).

c

plastic

Mercox Cl-2 B + MMA

Lametschwandtner

et al.
Table 3

1976;
Albrecht

Apparent
plastics
(cSt).

1980)

Murakami et al,,
PMMA233 (Rohm)
nt= not tempered,

(1984)

65.0

78.2

ll 8

viscosity
(vis)
of
in centipoises
(cP)

plastic

vis cP

vis cSt

Mercox Cl-2B

35.13

32.37

12.27

11.62

14.41

14.53

1.36

1.38

Mercox Cl-2B +

t=tempered

currently
used
and centistokes

MY,A

(4+1, v/v)
Shrinkage
The results
clearly
show that shrinkage of the
various
plastics
depends
on the rate
of
prepolymerization
(see table 2).

MMA(Murakami, 1971;
Lametschwandtner,
1976; Albrecht,
Murakami et al.,
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Discussion

Replication
quality
All tested
resins
were able
to reproduce
the microchip
use d as a model, in an excellent
quality
when vi ewed a t lower
magnifications
(fig . 2) . At higher
magnifica
tions
th e e d ge s
seeme d to be f r ayed out (Fig . 3) . There was no
di ffe r ence observed
between the various
pl astics
i n their
ability
to r ep lic ate the microc hip .

Fi g . 2

Ueplica
of the microchip
( Nercox
dil ut ed with
me t hylmethacrylate
monomer (4+1 v/v) . Bar=l OO;um

Fi g . 3

Rep lic
a
of
th e
microch
i p
( prepolymeriz
ed methy l me thacrylat
e,
I•:urakami,
1971;
Lametschwandtner
et
al .,
19 7 6 ; Alb r echt , 1 980 ) No te
outfrayed
ed ges . Ba r =20;um

P. St ockmayer

Vicat

softening
t emperatur e
Vicat softenin g t emper a ture e nables one to
estimate
maxima l utiliz a tion
te mper a tur e of a
pl as tic and gives
i nfo rma tion
concernin g th e
po rtion
of low molecular
compounds : li ke
monomer-,
water-,
and plasticiser
mol ec u les
contained
in a solid plastic
(Viewe g and Esser,
1975) . Thus Vic at sof tenin g te mperatur e is a
g ood
indicator
fo r th e turnov e r of
a
po l ymerization
reaction .
To get
a complete
polymerization
of
meth yl metha cry l a t e it is necessary
to finish
the
polymerization
re ac tion
by heating
the
samp l e (View eg and Esse r,
19 75).
In
the
literat
ur e dealing
with
vascular
corrosion
casting
(for a comprehensive
bi\Jlio graph y see
Lame t schwandtne
r e t al. , 1984) duration
and
te mper at ur es used for tem pe rin g th e plastics
before
mace r a t ion ( corrosion)
diffe r g r eatly .
I n deta il
the
following
data
have
been
reported:
a)
fo r i'lerco x Cl- 2ll : 15rnin at 40 - 50°C (llodde
e t a l.,
1977; Koba yashi
e t al. , 197G;
Jasinski
and Miodons ki , 197 8 ; >iiorlonski
e t a l.,
1978) , 15min at 60°c (llodde ,
1979),
20rnin at 40°C (Hossle r a nd Olson ,
19 84) , 30min at 60-70°c
(Ohtani
a nd
Mura kami , 197 8 ), lh at 50 °C (Olson and
Kent , 1980 ; Suzuki,
1932 ; Boland
and
Ol son , 1979) , l - 2h at 50°C (Olson , 19i31 ,
1983) ; 2- 3h at 60°C (Ohtsul:a,
1984;
Oht suka and Ohtani , 19S4), 3h a t 40 - 5QOC
(llijiya
a n d Okada , 197 8 ) , 3h a t GQOC
(Bhalla
et
al. , 198 1),
4h at
6QOC
(Yamamoto el al ., 1982) , 4- 5h at 50- 60°c
(1-/eerasooriya
and Yamamoto 1985) , Gh at
60 -7 0°C (Takasugi
e t a l.,
19 78 ) , 6-8 h at
60°C ( Kikut a and t-lurakami,
198 2) , 12h at
60°C (Tano et al ., 1931) , overni ght a t
65°C (Gannon et a l.,
1934 ).
b)
fo r i le r cox Cl - 2 1l d ilu ted
with
t-li·IA
mono me r:
15-30min
at 50 - 60°C (iiodde,
1981),
2h at 60°C (Ohtani
and Ohtsuka ,
19 85) , 12h in
a wa r m water
\Jath
(B r owning , 1930) , overnight
at 6QOC
(Yamamoto
ct al. , 1984)
2L,h at 6QOC
(Kaj i ha r a et al ., 1983)
c)
for 1'fi·
1A (Murakami, 1971; Lametschw and tner
ct a l.,
1976 ; Alb recht,
1980):
30min at
60°C (1-!urakami,
1972) , 30min - lh at
40 - 50°C (Noguchi a nd Kobayashi , 1977) , 2h
at 55°C (Gole et al. , 1982 ), 2h at 70°C
(Hoshino
a nd Ishioka,
1982 ), 3h at 60°C
(Zei t z et al. , 19 8 4),
4 - Gh a t G0°C
(Lame t schwancltner
e t a l.,
1976),
Gh at
50°C
(R u ssel
, 1 93 1),
6h at
G0°C
( Kazimie rc zak, 1980; Fuji ta and ;.Jur akam i,
1974) , 6- 8h at 60 ° C (Kikuta and ;:ura kami ,
1982) , 6-1 2h at 60°C (Kazi mi e r czak , 1978 ;
Smith
and Campel l,
1976) , 12h a t 700c
( Irin a et a l.,
1982) , one day at 60 - 70°C
( ilurakar.i i, 1971) .
d)
for MMA(Murakami et al .,
1984):
3- 6h at
50- 6o 0 c (Murakami et al . (1984)) .

Cl - 2ll
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shrin!<age
of 8,018 ~~. Besides
this
produ ct
information
leaflet
in the literature
of
vascular
corrosion
casting,
there
are little
data concerning
shrinkage.
Most reports
lack a
description
of the method
used to measure
shrinkage.
Thus, the following
data reported
are not strictly
comparable with each other and
have to be interpreted
with care.
Shrinkage
of Mercox Cl-2B:
1% (Hodde, 1979),
0,9% (Kus et al.,
1981), "less than 5%" (Hodde
et al. , 1984). Shrinkage
of MMA (Murakami et
al.,
1984): about 20% (Murakami et al.,
1984).
Weiger et al. (1982) measured volume shrinkage
of Mercox Cl-2B
and MMA (Murakami,
1971;
Lametschwandtner
et al,
1976; Albrecht,
1980)
polymerized
at room temperature
in glass
tubes
(diameter
3.7mm; length
41.3-83.2mm).
They found Mercox Cl-2B to shrink
6.27% and
MMA 20 . 73%. Kratky
and Roach (1984) report
volume shrinkage
of Batson's
in syringes
to be
13. 4-18 . 5% (depending
on the special
mixture
used) and in sheep femoral arteries
set under
a hydrostatic
pressure
of 110mm Hg to be
20 . 0%. The different
values obtained
with the
various
methods
show the necessity
to measure
shrinkage
at the level
of the vessels.
Values
presented
here demonstrate
that an increasing
amount of monomer given to a prepolymerized
resin
increases
the shrinkage.
This means , on
the other
hand,
that
the more a resin
is
prepolymerized
the more shri nka ge of the final
polymerizate
is decreased.
But it should
be
mentioned
also
that
a high
rate
of
prepolymerization
causes an increased
viscosity.
Murakami et
al. 1 s
( 1984)
hydroxypropyl-MA
which is not prepolymerized
possesses
the
highest
shrinkage
(20.4%) of all tested resins.
This agrees with data reported
for shrinkage
of
monomeric
me thy lmethacrylates
(20 .5%, Vieweg
and Esser,
1975; 23.06% Rauch-P unti gam and
Volker, 1967).
Since our study also specifies
the density
of the solid plastics
and shrinkage,
it becomes
possible
to determine
the volu me of the casted
vascular
spaces initially
fully
filled
by the
liquid
resin.
Thus by weighing a cast one can
calculate
the initial
blood volume of a tissue
or organ by the formula:

Our present
data show very clearly
that
there
are no differences
in Vicat
softening
temperature
between
tempered
and untempered
samples of pure Mercox Cl-2B. Therefore
there
is no need to temper Mercox Cl-2B casts.
This
is explained
by the fact
that
commercially
available
Mercox Cl-2B is already
prepolymerized
and that it sets completely
when polymerized
at
room temperature.
On the other hand Mercox Cl-2B
has the lowest Vicat softening
temperature
of
all plastics
tested.
This indicates
that
this
resin
contains
a high amount of plasticiser
which
cannot
be removed
by the
tempering
procedure.
Weiger et al.
(1982) also reported
that Mercox Cl-2B has a low thermal
stability
when tested
with the procedure
according
to
ISO/R 75 DIN 53461 . Although for pra ctic al work,
it might be useful to accelerate
the exothermic
reaction
of the polymerization
by immersing the
Mercox Cl-2B cast in a 40-60°C hot water bath
for
15min as recommended
by Japan
Vilene
Company. It should be kept in mind tha•. this
does not enhance the thermal
stability
of a
Mercox Cl-213 cast.
In contrast
to Mercox Cl-2B
all other
resins
tested
increase
in thermal
stability
when tempered,
This is a desirable
effect
because a more stable
cast will maintain
its three dimensional
structure
more accurately
in hotter
solutions
used for corrosion
provided
the chemical resistance
is given and furthermore
a more hardened cast is easier
to dissect.
But
attention
has to be paid not to use maceration
solutions
having temperatures
higher than Vicat
softening
temperature
of the particular
resin,
since
it
represents
an upper
limit
of
thermostability
(Vieweg
and Esser,
1975).
Murakami' s plastic
(Murakami et al. , 1984) has
the greatest
thermal
stability
of all
tested
resins,
because
this
resin
lacks
any
plasticiser.
In comparison
to the commercially
available
polymethylmethacrylate
PMMA 233 from
Rohm (Darmstadt),
all
self-prepared
plastics
including
Mercox Cl-2B
have a much lesser
thermostability.
The temper
process
of
commercially
available
methylmethacrylates
is
done at ll5-125°C
for a minimum of 4-6 hours.
This implies
that tempering less than 4-6 hours
at
60°C only
minimally
improves
thermal
stability
of a vascular
corrosion
cast.
Shrinkage
In this
study shrinkage
of plastics
used
for vascular
corrosion
casting
was determined
at the level
of the cast
itself.
This
is
important
to mention in respect
to the intended
comparison
of our own data with those of other
study groups.
The course
and turnover
of the
exothermic
polymerization
reaction
(which is
linear
with shrinkage)
depends on the volume of
the resin used and the possibility
to carry off
heat during
the polymerization
( 13kcal/Mol)
( Vieweg and Esser,
1975). Therefore
shrinkage
data of resins
published
by manufacturers
are
sometimes
not
relevant
for
the
specific
situation
of vascular
corrosion
casts,
since
these
data
are
estimated
by industrial
standards.
Thus, Japan Vilene Company reports
a
shrinkage
of 1% for Mercox Cl-2B as measured
with the JIS-K-69ll
standard,
while we found a

V=W/D

(3)

(V= volume,
W= weight,
D= density)
with
consideration
of the shrinkage.
If however one
intends
to do so one has to avoid artefacts
by
applying
unappropriate
injection
pressures
and
incomplete
filling
which should be controlled
very carefully.
However since MMA seems
to
have a vasodilatory
effect
(Johanssen
et al.,
1977 as cited in Fairman et al.,
1984; personal
communication
with Auer, 1985; Fairman et al.,
1984) the blood volume thus estimated
should be
taken as a maximum. But it cannot be ruled out
that
there
are different
regional
effects
to
the vasculature
by monomeric MMA
. So Fairman et
al.
(1984)
report
an increase
of the blood
pressure
in the
pulmonary
artery
after
application
of monomeric MMAwhile the systemic
blood pressure
is decreased.
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Viscosity
Plastics
are fluids
which do not respond
to Newton 's law of viscosity.
This
means
viscosity
of plastics
does not only depend on
temperature
but also on shear rate and shearing
stress
(Gerth,
1980). Therefore
in a certain
capillary
viscosimeter
one can measure only one
particular
state
of viscosity.
The flow
characteristics
of plastics
in a capillary
viscosimeter
are not uniform alon g the ,-1hole
capillary
length
because of the so called
end
effects .
Therefore
such recorded
viscosity
is
named apparent
viscosity
(Gerth,
1980). Only for
comparisons
under the same experimental
setup
is it not necessary
to make corrections
(Gerth ,
1980). In respect
to viscosity
of resins,
data
reported
in the literature
of vascular
corrosion
casting
extend over a wide range and sometimes
they obviously
represent
estimations
without
actual
measurements.
Often studies
lack
exact
information
on testing
conditions
and therefore
they are not comparable.
Presently
the following
data are reported
for:
a) Mercox Cl-2B: "low viscosity
resin"
(Hodde,
1979; Hodde and De Blecourt , 1979; Miodonski
et al.,
1979),
20-30cP (Matsusaka,
1976),
approximately
27 cP ( Lametschwand tner
and
Mohl 1984),
approximately
20-30cP at 20°c
(Ohtsuka,
1984), 20-30cP at 2s 0 c (Datasheet
from Dainippon
Ink & Chemicals,
Tokyo) ,
20cSt at 2s 0 c (Burger et al.,
1984), about
30 times that of water at room temperature
(Uiije and Bill,
(1984)
b) Mer cox Cl-2B
diluted
with MMA monomer:
Mercox Cl +20% MMA monomer:
estimated
viscosity
of 20cP
(Hodde,
1981);
40%
Mer cox Cl and 60% momomeric MMA: about
twice
that
of water
at room temperature
(Uiije
and Bill , 1984); Mercox diluted
to
40-50% with MMAmonomer: 1.5-2.0cSt
measured
with
an Ostwald
viscosimeter
at 20°c:
(Ohtani and Ohtsuka,
1985)
c) MMA (Murakami,
1971;
Lametschwandtner
et
al.,
1976; Albrecht,
1980):
viscosity
as
30-50% glycerin-aqueous
solution
and mixed
for
injection
with
30-50%
monomeric
hydroxyethyl
or hydroxypropyl-MA:
(Murakami,
1975); 60- 80cP (Murakami et al.,
1973), as
viscous
as 20-30% glyce rin-aqueous
solution
(Hoshino and Ishioka,
1982); 70-80cP (Gavin
et al ., 1983);
70-80cP
measured
by the
falling
bowl method
at 20°c
(Murakami,
1971).
d) MMA (Murakami
et al.,
1984)
2min after
prepolymerization
as viscous
as:
10%
glycerin-aqueous
solution
(40°C),
50%
glycerin-aqueous
solution
( 60°C) within
4min, 100% glycerin-aqueous
solution
(80°C)
by 6min (Murakami et al. , 1984).
Viscosities
of resins
as measured under
well defined conditions
as done in our paper are
easy to compare. The fact
that viscosity
of a
resin
increases
with
the turnover
of the
polymerization
reaction
is
seen
in
the
difference
between monomeric MMA (Murakami et
al. , 1984) and prepolymerized
t,ll,IA (Murakami,
1971; Lametschwandtner
et al,
1976; Albrecht
1980). Dilution
of a partially
polymerized
resin

P. Stockmayer

leads to an expected decrease
of viscosity
(see
dilution
of Mercox Cl-2B with monomeric MMA).
Thus one principally
can choose any viscosity
needed for a special
casting
purpose either
by
dilution
of a prepolymerized
resin
or by a
higher degree of prepolymerization.
So the very
low viscosity
resin
as Murakami' s plastic
(Murakami et al.,
1984);
(1.36 cP) requires
prefixation
since
otherwise
it will
diffuse
into the perivascular
spaces (Murakami et al.,
1984).
Gannon (1979, 1981) reports
that
an
optimal viscosity
for vascular
corrosion
casts
should be similar
to the viscosity
of blood and
he recommends a value of 2 .5-5c St to obtain
excellent
casts.
In this case one however will
get an enormous shrinkage . Practical
experience
in our laboratory
reveals
that a resin with a
viscosity
of 12cP as given by the dilution
of
Mercox Cl-2B with
monomeric
MMA (4+1, v/v)
will be 1) able to fill
completely
the vascular
system of any tissue
and 2) has on the other
hand a medium rate of shrinkage.
Replication
quality
Hodde
( 1981)
tried
to replicate
as
delicate
structures
as fenestrations
of brain
vessels,
known to have a diameter
of about
50-lOOnm, but he failed.
The surface
of casted
brain
vessels
known to have fenestrations
(i.e.,
circumventricular
organs)
and to lack
them (i.e.,
all remaining brain regions)
showed
the
same
surface
indicating
that
the
replication
quality
of the resin
used was too
low. His results
are in agreement
with ours.
Whereas the coarse
form of the microchips
was
replicated
excellent,
fine structure
(i.e.,
the
edges
of the microchips)
frayed
in what we
interpret
as a sign of shrinkage . Compared to
other plastics
for example Technovit
3040 which
replicates
structures
up to lj'1m (personal
communication
with
Dr.
Angrich
from
Kulzer /Fr iedrichsdorf
FRG) the resins
tested
here thus show an excellent
replication
quality
enabling
one to demonstrate
differences
in
luminal
surfaces
of blood
vessels,
but not
structural
details
as
represented
by
fenestrations.
Weiger et al.
( 1982) compare
replication
quality
of MMA (Murakami,
1971;
Lametschwandtner
et al ., 1976, Albrecht,
1980)
and Mercox Cl-2B by replication
of microridges
of epithelial
cells
of the skin of Blennius
pavo. They state
that the replication
quality
of Mercox Cl-2B is much better
than that of
MMA. Their
study however was done under wet
conditions
whereas
the present
study
was
performed
under dry conditions
which makes a
difference.
A resin
suitable
for vascular
corrosion
casting
because
of the casting
procedure
has to be as hydrophobic
as possible
to be able to push out all
water
from the
circulatory
system
(Hanstede
and Gerrits,
1982). Monomeric MMAis known to take up water
up to 1.5g water per 100g MMAmonomer at 20°c
(Rauch-Puntigam
and Volker,
1967). Since water
uptake
inversely
correlates
with extent
of
prepolymerization,
the prepolymerized
Mercox
Cl-2B
is more hydrophobic
than
other
not
prepolymerized
resins.
For practical
work this
implies
that
1) under those conditions
given
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8 . Gannon
Principles
microscopy
Reinhold
170-193.

3)
4)

5)

BJ (1978)
Vascular
casting,
in:
and techniques
of scannin g electron
, llayat
MA (ed.),
Van Nostrand
Co.,
NY, Bio l.
Applications
§_,

9. Gannon
BJ (1979)
Prepolymerization
of
methylmethacrylate
corrosion
ca s tin g media for
microvascular
replication
using ultra
violet
light.
J.Anat.
120 , 665 .

Conclusions

2)

Casts

blood vessels
in the thyroid
gland of the dog ,
rat
and Rhesus monkey . Arch. hist.
jap.
36,
181-188.

during
vascular
corrosion
ca sting
a 1:10re
prepolymerized
(hydrophobic)
resin
will
have a
better
replication
quality
than a monomeric one
and 2) that it
is impossible
to reveal
very
fine
structures
like
fenestrations,
on a
vascular
corrosion
cast,
but
imprints
of
endothelial
cell nuclei and cell borders clearly
can be seen (Lametschwand tner et al.,
1984) .

1)

Corrosion

There
exists
no resin
which completely
fullfills
the
ri goro us criteria
as
recommended
for a plastic
suitable
for
vascular
corrosion
casting,
i.e.,
low
viscosity
and no shrinkage
(Hodde 1981) .
The plastic
of choice includes
a compromise
between
its
viscosity,
shrinkage
and
replication
quality.
In our experience
Mercox Cl-2B diluted
wi th 1'fflA (4+1,
v/v)
represents
the best
compromise
of all
tested
plastics.
Thermostability
of some plastics
can be
improved by tempering.
Information
concerning
structural
details
of the luminal surface
of a vessel r efle cted
in the surface
of a vascular
corrosion
cast
is li mi ted by the replication
quality
of the
plastic
used.
Simple
weighing
of a vascular
corrosion
cast
enables
one to estimate
the blood
volume of tissues
or organs provided
proper
precautions
are taken.

10.
Gannon
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Procedure
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Reviewers

K.R. Olson:
Measuring
shrinkage
"in situ"
as
you did with the arterial
and venous vascular
replicas
appears
to offer
a distinct
advantage
because heat dissipation
from resin
in vessels
in vivo might be quite
different
from that
observed
under
other
conditions.
Did you
e ver exam in e shrinkage
in the microcirculation
where heat dissipation
may also be different?
Authors:
We have not examined shrinkage
in the
mic rova scula r bed.
K. R. Olson:
Ba tson' s compound has been used by
a number
of investi gators
even thou gh it is
reported
to have a high vi s co s ity.
!lave you
ev e r examined this resin
using your methods?
Authors:
He have
not
examined
Batson's
compound.
But there
al ready ex i st some dat a
like sh rin kage (see ref. 33) .
A. Ohtsuka:
The viscosity
of l·lercox grad ually
increases
with
time after
its
production.
Do
the a uthor s have any information
how old it
is,
e g . lot number,
date of experi ments,
and
a ctual
period
from the in dus tri a l pro duc tion
to the laboratory
experi ments ?
Authors:
He have
used fresh
kits
of i'le rcox
Cl-2 D directly
imported
from Dainippon
Ink and
Chemica l s , Tokyo (lot
nu mber M 115). Sinc e we
do not know t he actual
time of the manufacture
of 1-lercox we cannot
say how old the resin
was
when used.
To prevent
undesired
increase
in
viscosity
we ge nerally
store
the
casting
medium at 4°C.
A. Ohtsuka:
The authors
state
that
diluted
J-.lercox
with
monomeric
methyl
methacry l ate
(4: 1, v/v)
is able
to completly
fill
the
vascular
system
of any tissue.
Does "the
vasc ular
system"
include
bile
canaliculi
and
lymphatics?
If so is it needless
to select
suitable
resin
for tar get vessels?
Authors:
S ince
we have
not
casted
bile
canaliculi
and
lymphatics
with any corrosion
compound , we cannot answer your question
G. K. Klinthworth:
If a diluted
plastic
is
u sed, can the borders
of endothelial
cells
be

56 . Russel
AP (1981) Descriptive
and functional
anatomy of the digital
vascular
system
of the
tokay,
Gekko gekko. J. Morph. 169 , 293-323.
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67. Zeitz
'.{, t-lat tfel dt T , ~iall
G, Kramer KL
(1 984)
Ei ne Methode
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quantitativen
rasterlektronenmikroskopischen
Analyse
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myocardialen
Kapillarnetzes
anhand
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Korrosionspr
apa raten.
BEDO .!.Z.,203-208.

52. Olson
KR (1981)
J·for phology
and vascular
anatomy
of the
gi ll s of a primitive
air
breathin g fish,
the bowfin
(Amia calva).
Cell
Tiss.
Res. 218, 499-517.
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66 . Yamamoto K, Wi lson
DR, Baumal R (1984)
Blood s uppl y and drainage
of the outer medulla
of the rat kidney:
Scanning e l ectron mic ro sc o py
of microvascular
casts.
Anat.Rec.
2 10, 273-2 77.

5 1. Ohtsuka A, Ohtani O (1984) The microvascu l ar
architecture
of the rabbit
stomach
corpus
in
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corrosion
casts.
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T. Weiger,

A. Lametsc hwandtner,

see n in corrosion
casts?
Author s: Yes.
K.R . Olson:
Meas uring
organ
vascular
volume
with corrosion
r e pli cas a ppe a rs to be a us eful
technique
but I would think
a number of factors
s u c h as
back
pressure,
pulsatile
vs .
non-pulsatile
infusion
pressure,
viscosity,
rate
of po lyme r izatio n a nd vasomotor
tone,
to
name a few, might
be d iffic ult
to co ntr ol or
sta ndardi ze . Have yo u compa red yo ur re s ult s to
other
procedures
suc h as morphometric
analysis,
Sl c r-t agged red blood cells
or 125 _a lbumin ?
Author s : We h ave n ot used the procedures
you
mentioned
to compare
o ur results
with . As fa r
as the
control
a nd stan dardi za tion
of
t he
factor s you me nti o n e d are concerned
we t hink
that
vasomotor
tone co uld be sta ndardi zed by a
good prefixat
io n, i nfusion
pressure
co uld be
cont rolled
by pressure
tranducers
inserted
in
a reference
vessel,
t h at
viscosity
of the
resin
co uld be standardize
d as shown above and
that
th e polymerization
rate
could be controlled
- for instance
i n the
case
of Mercox
by
adding
different
amounts
of the accele r ator
MA
(see ref.33)
.
K.C. Hodde:
Where in the polymerization
process
does the shrinkage
occ ur ?
Authors:
Shrinkage
takes
place
during
the whole
polymerization
pr ocess .
~.,_g_Jodde~
Would yo u co n side r in pra ctical
terms
th e s hrink age to affect
the length
an d
diameter
of vascular
casts
i n prop ortionate
measure?
Auth ors:
Shrinkage
affects
l e ngt h and diameter
of a casted
str u cture
(see refere nce 64) bul al
the moment
there
is
no met h o d ical
approach
reported
in t he literature
which would allow to
estimate
s hrinkage
of length
of casted
vessels
and of diameters
separ a tely.
K.C. Hodde:
Will
it
be impossible
to mimick
physiological
pressure
in any more extensive
vascular
bed while
injecting
plastic
because
of
the cha nges in apparent
viscosity
due to t he e nd
effect
yo u mention?
Authors:
Before
b ei n g able
to answer
yo ur
question
rheological
properties
of vario u s
plastics
used for corrosio n casting
have to be
st ud ied in more detail
than done hitherto.
K.C. Hodde: Would friction
with the vessel
wall
of the injected
plastic
(s hearing
stress)
be the
same for a fixed and a non-fixed
material?
Auth ors:
Since
friction
depends
on
material
prope r ties
fixation
of a vessel ' s wall
will
result
in a c hange of its
friction
coefficient
and as a co n seque n ce of that
in a c hange of
friction.
But to o u r knowledge
there
are
no
st udie s reported
which have co nc e ntr ated
up on
this very pa rtic ul ar matter .
K. C. Hodde:
Co u ld you make the
difference
between
cSt a nd cP c l ear
and please
explai n
whether this has any practical
conse quen ce?
Authors:
Ce n tistoke
= centi po ise/de
n sity .
Ce nti sto k es are commonl y used in co mpa r i ng the
absol ute viscosities.
B.J. Gannon: The a uthor s have not specified
the
inhi bition
ty p e nor its
conce ntrati o n in the
methylmethacrylate
monomer,
nor
in
the

P. Stoclanayer

hydroxypropylmeth
ac r ylate
monom e r they
u se .
Th ese are available
e . g. at co ncentrati
ons from
25-1200
ppm. Could the authors
plea se s pecify
what were the
inhibitor
c onditions
of th ei r
experime
n ts and co mme nt on the
(possible?)
effec ls of differing
i nhibitor
concenlrations
on their
f in al results
( e . g . Vicat
temperature
etc . ).
Authors:We
hav e used MMA sta bilized
with 25 ppm
Hydroc hin on a nd HPMA sta biliz ed with
0 . 5%
Hyd rochinon
/Hydroc hin o nmonoeth
y l ether
. The
absol ute amount of t h e in hibito r act uall y makes
th e effective
conce ntr atio n of the
i n itiato
r
and thus
the inhibitor
indirect
ly
infl uen ces
th e c hain l e ngth of t he polymer.
Since shrinkage,
Vicat
softening
temperature
and viscosity
i n c r ease
with
polymer
c hain
length
it
a l so
influences
these para meters .
B.J. Gannon: The authors
have not specified
the
form of their
dibenzoylperoxide
- was it powder,
water wet powder , paste in silico n oil , paste
in
dibuthylphtalate
etc?
Auth ors:We
h ave u se d a water
wet powder
of
dibenzoylperoxide
with
a water
content
of
20 - 25% (FLUKA, Buchs, SWITZERLAN
D) .
B. J . Gannon:
The s hr i nk age formula
the a uth ors
use ass umes that
there
is no loss of monomer or
oligomers
eit he r into
the s urrou nding
t issues
during
the hard e nin g or into
the water , or KOH
during
the
' tempering ' a nd cor ro sion , in order
to quantify
t he volume sh rinkag e of the plastics
.
The effects
of temperi ng of t h e casts
they
describe
is co nsistent
with
the loss
o f lower
molecular
weight
materials
(e . g . monomers)
fro m
the casts . What evidence
do the aut hors have tha t
monomers and oligomers
are not lost
during
the
casting/te
mp ering/
corrosion
procedure
and
therefore
that
their
volume
estimat
e s are
accurate?
Authors:
We have
not
studied
this
particular
loss
of monomers
and/or
oligomers
dur i ng the
various
steps
of the vascular
corrosi
o n cast
procedure .
B.J. Gannon:
The a uth ors d isc u ss the need for
the
cast in g material
to be h ydr op h obic;
co uld
they th erefore
comment on the
effects
of the
water
miscible
mo nomer s ( HPMA a nd GMA) used in
Murakami ' s plastics
in this co nt ext .
Aut hors : Water miscible
monomers,
like
HPMA and
GMA are s u pposed to have a lower ability
to push
out water f r om the vascular
sys t em to be casted .
Thus incomplete
casts
could be received . On the
ot her hand remaining
water co uld give rise to t he
formation
of steam -bub bles during
the pr oc ess of
polymeriza t io n- if
a water
miscible
resin
is
u sed -- and estimation
of t he cast
densit y wo uld
be mislead i ng.

